published a crystal structure of selenomethionine (Se-Met)-labeled DNAPKcs complexed with the Ku80ct 194 (Ku80 residues 539-732) at 4.3 Å. This was the first structure to permit a chain trace of the very large 469-kDa DNAPKcs. However, the electron density of the Ku80ct 194 was not observed. Their use of Se-Met-labeled Ku80ct 194 suggested the location of part of Ku80ct 194 , proposing the Ku-binding sites A and B [7] . Recently, a cryo-EM structure of DNA-PK was reported at 5.8 Å by Sharif et al. [8] , but their map lacked significant Ku70/80:DNA density, thus this placement within the map remained ambiguous. Until now it was unclear how DNA-PKcs binds to the Ku70/80:DNA complex at all, which is essential to determine the kinase activation mechanism and to what extent the DNA end is protected by DNA-PK during NHEJ. The Xu paper presented the first pseudo-atomic structure of the DNA-PK holoenzyme and begins to address these questions [6] .
Yin et al. took a novel approach employing recombinant DNA-PKcs for structural studies. They purified DNAPKcs and Ku70/80 from HEK293F cells, and assembled and purified the 650-kDa DNA-PK holoenzyme for structural analysis. Setting up such a system with recombinant DNA-PKcs production for structural studies will permit them to potentially produce various altered DNA-PKcs structures in the future. Their cryo-EM experimental data was limited to 6.6 Å, but they docked the available crystal structures of DNA-PKcs (at 4.3 Å; PDB: 5LUQ) [7] and Ku70/80:DNA complex (at 2.5 Å; PDB: 1JEY) [9] into the cryo-EM density, and manually built DNA bases to create their pseudo-atomic model of DNA-PK (Figure 1) .
Their structure shows how the double-ring shape of DNA-PKcs, formed by the N-terminal α-solenoid of DNA-PKcs, connects its catalytic domain to the Ku70/80:DNA complex. A DNA-binding tunnel formed by DNA-PKcs and Ku70/80 together cradles ~30 bp within the holoenzyme. The DNA end remains embedded in the N-and M-HEAT regions in the base of DNA-PKcs. Although the Ku70/80 remains over 100 Å from the kinase domain, long range rearrangements in the FAT domain that encircles the kinase catalytic site improve accessibility to the catalytic core. Superimposition between the 'apo' DNA-PKcs (molecule B in the crystal structure [7] ) and the 'holo' DNA-PKcs showed the superimposed M-HEAT domains. However, the N-HEAT domain, which is extended in the apo form of DNA-PKcs, in the holo form folds inward to join with the M-HEAT and FAT domains upon DNA binding. Such a significant difference suggests that Ku70/80:DNA induces conformational changes in the HEAT and FAT repeat, which allosterically stimulates the kinase activation.
Surprisingly, their DNA-PK structure shows that DNA adopts a 30° kink at the DNA-PKcs:Ku70/80 interface with about 16-18 bp of the DNA end extending from the Ku70/80 exit point into DNA-PKcs. Our laboratory determined that dsDNA longer than 26 bp is required for DNA-PKcs and Ku70/80 to form an active complex (i.e., productive mode) [10] . With shorter dsDNA, DNA-PK complex still forms but remains inactive as a kinase (i.e., nonproductive mode) [10] . Thus, their structure represents the productive mode. Large rearrangements driven by the N-HEAT interaction with the DNA and Ku70/80 occur, similar to the DNA-PKcs 'biting down' on the DNA. This displacement likely requires the Ku70/80 to anchor one end of the DNA molecule to the side of the N-and M-HEAT domains, providing a spring tension that allows the transduction of the motion through the molecule, clearing the kinase cleft and providing access and thus activation.
Although the density of the C-termini of Ku70 (residues 535-609) and Ku80 (residues 542-732) was missing, they revealed three major intermolecular interfaces between DNA-PKcs and Ku70/80. Two are new: (1) the M-HEAT and the α/β domains of Ku70 and (2) the N-HEAT and the "bridge" formed by two anti-parallel strands of Ku70/80 and the "pillar" of Ku70. The third interface, a 4-turn helix (designated Ku80ctα2), bound to the concave side of the M-HEAT, was observed near the free DNA end. This is equivalent to the second α-helix of Ku80ct 194 located in the Ku-binding site B [7] . Intriguingly, two other helices observed in the crystal structure, one of which was located in the Ku-binding site A near the PQR autophosphorylation cluster and contained a Se-Met providing a significant Se anomalous signal [7] , were not observed in this cryo-EM structure.
Many questions arise from this new structural work. Obviously, statistics on the structural analysis remain to be improved. One must keep in mind that their detailed structural information is highly dependent on the quality of the utilized crystal structures. For instance, the DNA-PKcs crystal structure still includes some missing portions, due to disorder, and ambiguity of orientation of some side chains (R cryst /R free = 38.6%/43.7% and Ramachandran/Rotamer outliers = 6.7%/6.0%) [7] . Thus, these regions need to be revealed and validated. Also, at 6.6 Å, locating the exact position of DNA is challenging as Yin et al. could not observe extensive [7] and Ku70/80:DNA at 2.5 Å (PDB: 1JEY) [9] were docked into the 6.6-Å cryo-EM density [6] Note that DNA adopts a 30° kink right at the interface between DNA-PKcs and Ku70/80. Ku80ctα2, which was also observed in the crystal structure [7] , is shown in blue.
protein-DNA interaction. Moreover, how the CTD of Ku80 interacts with DNA-PKcs is still a mystery.
Nevertheless, this DNA-PK structure by Yin et 
